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METHOD OF DETERMINING ACTIVE 
PRIORITIES 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to computer 
graphics and, in particular, to a method of determining 
Which graphical objects are active at an edge-crossing for 
any given scan-line of a graphics rendering system. The 
invention also relates to a computer program product includ 
ing a computer readable medium having recorded thereon a 
computer program for determining Which graphical objects 
are active at an edge-crossing for any given scan-line of a 
graphics rendering system. 

BACKGROUND ART 

Software application programs, such as Word processors, 
are generally con?gured to create page-based documents 
Where each page contains document data such as graphical 
objects (eg text, images), represented by lines and ?ll 
regions. When representing the document data on a display 
device or a printing device, such softWare application pro 
grams generally use the graphics interface services of a host 
operating system to send commands describing graphical 
objects to the display or printing device. Such graphics 
interface services are referred to herein as a ‘graphics device 
interface layer’ and are generally con?gured as an applica 
tion softWare programming interface Which provides a rich 
set of graphics features to all applications executing on the 
host operating system. 

One role of the graphics device interface layer is to 
mediate betWeen an application program and an output 
device, such that the graphics device interface layer requires 
one or more device layers. One such device layer is referred 
to herein as a ‘device driver’, and is con?gured to support a 
relatively small set of functionality, such as draWing rect 
angular blocks of image data, and/or ?lling simple regions 
With ?at color. The graphics device interface layer generally 
provides graphical objects to the device driver in a format 
that the graphics device interface layer considers is the most 
ef?cient for the device driver, and at the resolution of the 
output device. For example, a square of ten units by ten units 
positioned at the top left of a page of siZe tWenty units by 
tWenty units, may be rendered by a softWare application onto 
an A4 page (i.e. 210 mm by 297 mm) at 600 dpi, such that 
the graphical object is given to the device driver as a ‘path’ 
of ?ve points (0,0), (2480,0), (2480,2480), (0, 2480), (0,0) 
Where all of these points represent pixel values. The term 
path as used herein refers to a series of line segments, Where 
each line segment consists of at least tWo points, such that 
each line segment traces the outline of a region (eg a 
graphical object) on a page. 

Another device layer Which is often referred to as a 
‘graphics rendering system’, renders graphical objects 
received from the graphics device interface layer by gener 
ating pixel values. The term ‘rendering’ as used herein refers 
to the process by Which graphical objects received from the 
graphics device interface layer are converted to pixels by the 
graphics rendering system. 

In some computer systems, rendering is a tWo-stage 
process Where graphical objects are ?rstly converted into an 
intermediate format before actual rendering can begin. In 
one such system, the ?rst stage of the process is to convert 
each graphical object received from the graphics device 
interface layer into an intermediate edge-based object graph 
ics format, such that the edges de?ning the outline of a 
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2 
graphical object are sorted into ascending y-value order, and 
then into ascending x-value order, assuming a raster scan 
order of rendering. The output from this ?rst stage is a 
display list of edges and their associated ?ll and priority 
information level (i.e. ‘Z-order’), along With other informa 
tion such as Whether a particular edge is a clipping edge or 
a ?lling edge. The display list is generally referred to as a 
‘job’ and contains all of the information needed to render a 
page. 

The Z-order refers to the priority order in Which a graphi 
cal object is to be rendered Within a total set of graphical 
objects to be rendered for a page. A graphical object having 
a higher priority can obscure a graphical object having a 
loWer priority, if the graphical object having the higher 
priority object is opaque. If the higher priority graphical 
object is semi-transparent, then any of the graphical objects 
having a loWer priority and being positioned beneath the 
higher priority object can contribute color to the higher 
priority graphical object When rendered. 

The second stage of the rendering process consists of a 
rendering module ‘parsing’ the job for a page and generating 
pixels associated With each scan-line of the page to be 
rendered. The term parsing refers to the process of deciding 
Whether a string of input symbols is in a given format and 
if so determining the syntactic structure of the string as 
de?ned by that format. 

In a graphics rendering system using Z-order priority, the 
edges de?ning the outlines of a graphical object are mono 
tonically increasing in the direction of rendering, With 
respect to a scan-line crossing the graphical object. Priority 
information associated With each of the graphical objects for 
such a graphics rendering system generally consists of ?ll 
data (eg a bitmap, a ?at color or a tiled image) and an 
associated ?ll rule (e.g. non-Zero Winding or odd-even ?ll 
rule). The priority information also comprises a priority 
value, Where the object having the loWest priority has an 
associated priority value of Zero. Further, each of the graphi 
cal objects of such a system has information for compositing 
a particular graphical object onto other graphical objects 
having a loWer priority and Which are associated With the 
graphical objects. Still further, each edge being crossed by a 
scan-line at a particular point is considered to have a current 
x-coordinate value, and is considered to be part of a set of 
active edges for the scan-line 
Once the above priority information has been determined 

for all of the graphical objects to be rendered for a page, the 
edges of the objects are sorted into ascending y-value and 
ascending x-value order before rendering begins. To then 
render a scanline, a variable X, representing a pixel position 
on the scanline, is set to Zero and then starting With the ?rst 
edge in a list of active edges for the scanline, the activating 
and deactivating priority values associated With each of the 
edges are processed according to a ?ll rule until an edge is 
found With a current x-value Which is greater than the 
variable X (i.e. the next edge to process). Pixels betWeen the 
position de?ned by the variable X and the current x-value 
are then output according to any active objects that fall 
Within the position. If no objects are active in the de?ned 
positions then White space is output and the variable X is set 
to the current x-value. The remaining edges for the scanline 
are then processed in a similar manner. 

The result of processing all object edges crossed at the 
same point for a particular scanline, is a list of active objects 
and their associated priority values for that point. The list is 
sorted from the object having the loWest associated priority 
value to the object having the highest associated priority 
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value, such that the priority object having the lowest asso 
ciated priority value is the top-most opaque object. The ?nal 
resulting color for a pixel run beginning at the crossed edge 
is then determined by compositing the ?ll colors of the tWo 
loWest priority objects, then compositing the result of this 
With the ?ll color of the object having the next highest 
priority value, and then continuing in a similar manner until 
the ?ll color for the object having the highest associated 
priority value has been composited. For example, FIG. 5 
shoWs a page 500 to be rendered. The page 500 consists of 
tWo opaque objects (i.e. squares 501 and 503) on a White 
background 505. In the example, of FIG. 5, the page 500 is 
?fty pixels Wide. A list of active edges for the scanline 507 
on the page 500, arranged in ascending x-value order, is as 
folloWs: 

(i) edge 509 having a current x-value equal to ?fteen; 
(ii) edge 511 having a current x-value equal to tWenty one; 
(iii) edge 513 having a current x-value equal to tWenty 

seven; and 
(iv) edge 515 having a current x-value equal to forty. 
There are ?ve pixel runs identi?ed for the scanline 507. 

The ?ve pixel runs for the scanline 507 in order are as 
folloWs: 

(i) 0 to edge 509; 
(ii) Edge 509 to edge 511; 
(iii) Edge 511 to edge 513; 
(iv) Edge 513 to edge 515; and 
(v) Edge 515 to the end of the scanline 507 (i.e. Pixel 50). 
In order to render the scanline 507, initially a variable X 

is set to Zero. At edge 509, the current x-value is equal to 15 
Which is greater than the value of X and pixels betWeen X=0 
and X=15 are output (i.e. White pixels as no objects are 
active). The variable X is then set to ?fteen and the object 
501 has an active priority (i.e. ActivePriorityList=Object 
501). At the next edge 511, the current x-value is equal to 21 
Which is greater than the value of X and pixels betWeen edge 
509 and edge 511 are output according to the ?ll of object 
501. The variable X is then set to tWenty-one and the object 
503 has an active priority (i.e. ActivePriorityList=Object 
501, Object 503). 

The rendering process for the scanline 507 continues at 
the next edge 513, Where the current x-value is equal to 
tWenty-seven Which is greater than the value of X and pixels 
betWeen edge 511 and edge 513 are output according to the 
?ll of priority object 503. The variable X is set to tWenty 
seven and object 501 is deactivated (i.e. ActivePriorityList= 
Object 503). At the next edge 515, the current x-value is 
equal to forty Which is greater than the value of the variable 
X and pixels betWeen edge 513 and edge 515 are output 
according to the ?ll of object 503. The variable X is then set 
to forty and object 503 is deactivated (i.e. 
ActivePriorityList=Empty). There are no more edges and 
therefore, the rendering of scanline 507 is completed With 
White space pixels being output up until the end of scanline 
507. 

In the example of FIG. 5, tWo objects (i.e. 501 and 503) 
Were active betWeen edges 511 and 513. HoWever, since 
object 503 is opaque, only the pixels of object 503 contribute 
to the ?nal image betWeen the edges 511 and 513. Thus, 
regardless of the number of active objects for a pixel run, if 
the top-most object is opaque, then only the ?ll for this 
object needs to be output. 
As another example, FIG. 6 shoWs a scanline 601, cross 

ing three objects 602, 603 and 604. In the example of FIG. 
6, object 604 is semi-transparent, meaning any objects 
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4 
underneath the object 604 may contribute color When the 
object 604 is rendered. In this case, object 603 is opaque and 
is the only object that contributes to the color of the object 
604. The edge-list for the scanline 601 is as folloWs: 

edge 605, edge 607, edge 609, edge 611, edge 613 and 
edge 615. 

For the pixel run betWeen edges 609 and 611, the objects 
602, 603 and 604 are active. HoWever, since object 603 is 
opaque, only the pixels for object 603 and object 604 need 
to be composited, since object 603 is the top-most opaque 
object (i.e. object 603 is the opaque object having the highest 
associated priority value). 
The result of processing all edges crossing the same point 

on a scanline is generally a list of the active objects sorted 
from the object having the loWest associated priority value 
to the object having the highest associated priority value, 
such that the object having the loWest priority value is the 
top-most opaque object. The ?nal color is then determined 
by compositing the ?ll color of the tWo objects having the 
loWest associated priority values, then compositing the 
result of composition With the object having the next highest 
priority value, and then continuing until the object having 
the highest associated priority value has been composited. 
One knoWn method of rendering an image using priority 

information is to maintain an active priority list as a linked 
list of objects and associated priority values. In accordance 
With this knoWn method, the linked list is sorted using a 
method knoWn as ‘in-place’ sorting. When a particular 
object is activated for a scanline, this object is inserted into 
the active linked list in sorted order depending on the 
associated priority value for the object. Conversely, When an 
object is deactivated, the deactivated object is removed from 
the active linked priority list. After all of the object edges for 
a pixel run have been processed, the top-most-opaque object 
is determined by traversing the active linked priority list 
from the object having the highest associated priority value 
to the object having the loWest associated priority value until 
an opaque object is found, or until all of the objects in the 
list have been traversed. Although this knoWn method of 
rendering an image is suitable for small numbers of active 
objects, performance for the method deteriorates markedly 
When a large number of objects are activated simultaneously. 
In such a case each object is inserted into the active priority 
list and sorted for a given scanline. If the object edges 
crossed by the scanline occur such that the associated 
priority value for each edge is greater than the associated 
priority value of the next object edge, then rendering for the 
scanline Would have an n2 order of complexity Where n 
represents the number of object edges crossed. 

Further, in the above described method using an active 
linked priority list, the same object may have to be added to 
the list multiple times, since an object can cross a scanline 
at the same point multiple times. For example, FIG. 7 shoWs 
a scanline 701 scanning an object 703. In scanning the object 
703, the scanline 701 crosses four edges 705, 707, 709 and 
711. For ease of explanation, FIG. 7 also shoWs the edges 
705, 707, 709 and 711 graphically separated from the object 
703. The edges 705, 707, 709 and 711 can be processed for 
the scanline 701 as folloWs: 

(i) Get edge 705 and activate object 703; 
(ii) Get edge 707 and deactivate object 703; 
(iii) Get edge 709 and activate object 703; and 
(iv) Get edge 711 and output a pixel run up to edge 711 

With ?ll associated With object 703 since object 703 is 
active. 

Hence, removing an object and associated priority value 
from a sorted priority list is inefficient if the object must be 
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reinserted again at a later time. However, in order to address 
the inef?ciency of reinserting objects into a priority list, a 
further known method of rendering an image using priority 
information maintains an active priority list as a linked list 
of objects and associated priority values and When an object 
is activated, the object is marked as being active. 
Conversely, in accordance With this further knoWn method, 
When an object is deactivated, then the object is marked as 
being inactive but the object is not removed from the priority 
list. When the object is reactivated, then the object is marked 
as being active, and so on. When all of the object edges for 
a scanline have been processed foX a piXel run, then all 
deactivated objects are removed from the list, and an active 
top-most opaque object is found in a similar manner to the 
method discussed above. 

The method of marking an object as either active or 
inactive is more ef?cient than the method of removing an 
inactive object from a priority list since an object can be 
activated and deactivated several times Without needing to 
be reinserted into the priority list. HoWever, the method of 
marking objects does not improve performance When a large 
number of objects are activated simultaneously as discussed 
above. 

Still another knoWn method of rendering objects using 
priority information, maintains an active priority list as a 
linked list of objects and associated priority values and When 
an object is activated, the object is added to the head of the 
priority list. Conversely, using this further method, When an 
object is deactivated, the object is removed from the priority 
list. When all of the object edges have been processed for a 
piXel run, the linked list of objects is sorted and since the list 
contains only activated objects, the list can be traversed to 
determine a top-most opaque object (i.e. the opaque object 
having the highest associated priority value). HoWever, the 
disadvantage of this still further method is the compleXity of 
sorting the linked list of objects and associated priority 
values. Further, this method of adding a priority object to the 
head of a priority list requires a large amount of memory 
since ideally such a method uses a doubly linked list 
requiring a neXt pointer and a previous pointer. In a siXty 
four bit computer architecture the neXt and previous pointers 
both require eight bytes each, for each priority object. For 
eXample if there are 32000 priority objects, and all of the 
objects Were activated, then there Would be at least 512000 
bytes (i.e. 512K) of memory required simply for pointers to 
manage the doubly linked list. 

Still another knoWn method of rendering objects using 
priority information, maintains an array of memory based on 
the siZe of the largest possible priority value, N. In this 
method, an active priority list of siZe N is provided. When 
a priority object is activated, an active priority list priority 
number, associated With the activated priority object, is set 
to TRUE. When a priority object is deactivated, the active 
priority list priority number, associated With the deactivated 
priority object, is set to FALSE. Once all of the object edges 
for the scanline have been processed, starting at the end of 
the active list (i.e. the highest priority value), the ?rst active 
priority object is determined by traversing the list until an 
entry, i, in the active priority list is equal to TRUE, for 
0§i§(N-1). If the object for the selected entry is opaque, 
then the traversal of the list is concluded. OtherWise, the list 
is again traversed from the object having highest associated 
priority value to the object having the loWest associated 
priority value until such an entry having an associated 
opaque object is found. For eXample, FIG. 8 shoWs an active 
priority list 800 Where entries in the list (eg 801) repre 
senting the priority of associated objects numbered one to 
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6 
tWenty, have been set to either TRUE or FALSE. In the 
eXample of FIG. 8, starting at the object having the highest 
associated priority value (i.e. tWenty) the list 800 is traversed 
looking for the ?rst TRUE entry 802 (i.e. the object having 
a priority value of eighteen). If the object associated With the 
priority value eighteen is not opaque, then the traversal of 
the list 800 is continued until the neXt TRUE entry 803 (i.e. 
the object having a priority value of eleven) is found. If the 
object having the associated priority value eleven is not 
opaque, then the traversal of the list 800 continues until the 
object having the associated priority value of eight is found. 
Assuming that object having the associated priority value of 
eight is opaque, then the ?ll colors from objects having 
associated priority values of eight and eleven are composited 
With the resulting ?ll color being composited With the ?ll 
color of the object having the associated priority value of 
eighteen and the resulting color is output. 
One problem of the method of setting each object in an 

active priority list as TRUE or FALSE is that the method is 
required to perform a large number of memory accesses. For 
eXample, in a case Where there are 32000 possible objects 
then all 32000 entries may potentially have to be searched 
after any edge has been processed. To avoid this problem, 
When a priority object is activated, the active object having 
the maXimum associated priority value can be retained (eg 
by setting a variable MaXPriority=maX(MaXPriority, acti 
vated priority number)) during processing. HoWever, in this 
case, if the maXimum priority activated Was, for eXample, 
number thirty tWo thousand, folloWed by number three, then 
number tWo and number one, then the entire list must still be 
traversed before the entry for object having the associated 
priority value of number tWo is determined as the neXt active 
object. 

Finally, still another knoWn method of rendering objects 
using priority information, maintains an array of memory 
based on the siZe of the largest possible priority value, N, 
Where each TRUE or FALSE entry is of siZe one bit. 
Therefore, since TRUE and FALSE only require the value 
one or Zero, only a single bit is needed to distinguish 
betWeen an active object and a non-active object in an active 
priority list. FIG. 9 shoWs an active priority list 900 Where 
each of the entries (eg 901) for objects numbered one to 
tWenty have an associated bit (eg 902), Where one repre 
sents TRUE and Zero represents FALSE. The values of the 
bit entries corresponding to the objects, numbered one to 
tWenty for the list 900, can be represented and stored in 
hexadecimal format as 0H11204. This method Where each 
TRUE or FALSE entry is of siZe one bit is similar to the 
method described in the preceding paragraph, although the 
required memory search space has been reduced by a factor 
of eight. HoWever, a signi?cant speed penalty is still 
incurred using this one bit method, since a potentially large 
number of object entries may still be required to be traversed 
in order to ?nd the opaque object having highest associated 
priority value. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to substantially 
overcome, or at least ameliorate, one or more disadvantages 
of eXisting arrangements. 

According to one aspect of the present invention there is 
provided a method of determining graphical objects con 
tributing to a run of piXels for a scanline in a graphics 
rendering system, said method comprising the steps of: 

forming a ?rst array representing graphical objects asso 
ciated With said run of piXels, said ?rst array being sorted in 
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an order from a top-most graphical object to a bottom-most 
graphical object; 

updating said ?rst array upon activation or deactivation of 
a graphical object by said scanline using a second array 
representing empty locations in said ?rst array; and 

traversing said ?rst array in said order to determine 
graphical objects contributing to said run of pixels. 

According to another aspect of the present invention there 
is provided a method of determining graphical objects 
contributing to a run of pixels for a scanline in a graphics 
rendering system, said method comprising the steps of: 

forming a ?rst array representing graphical objects asso 
ciated With said run of pixels, said ?rst array being sorted in 
an order from a top-most graphical object to a bottom-most 
graphical object, Wherein When a graphical object is acti 
vated by said scanline a value representing said activated 
graphical object is added to said ?rst array at a location 
indicated by a second array representing empty locations in 
said ?rst array; and 

traversing said ?rst array in said order to determine 
graphical objects contributing to said run of pixels. 

According to still another aspect of the present invention 
there is provided an apparatus for determining graphical 
objects contributing to a run of pixels for a scanline in a 
graphics rendering system, said apparatus comprising: 

?rst array generating means for forming a ?rst array 
representing graphical objects associated With said run of 
pixels, said ?rst array being sorted in an order from a 
top-most graphical object to a bottom-most graphical object; 

updating means for updating said ?rst array upon activa 
tion or deactivation of a graphical object by said scanline 
using a second array representing empty locations in said 
?rst array; and 

traversing means for traversing said ?rst array in said 
order to determine graphical objects contributing to said run 
of pixels. 

According to still another aspect of the present invention 
there is provided an apparatus for determining graphical 
objects contributing to a run of pixels for a scanline in a 
graphics rendering system, said apparatus comprising: 

?rst array forming means for forming a ?rst array repre 
senting graphical objects associated With said run of pixels, 
said ?rst array being sorted in an order from a top-most 
graphical object to a bottom-most graphical object, Wherein 
When a graphical object is activated by said scanline a value 
representing said activated graphical object is added to said 
?rst array at a location indicated by a second array repre 
senting empty locations in said ?rst array; and 

traversing means for traversing said ?rst array in said 
order to determine graphical objects contributing to said run 
of pixels. 

According to still another aspect of the present invention 
there is provided a program including computer imple 
mented program code for determining graphical objects 
contributing to a run of pixels for a scanline in a graphics 
rendering system, said program comprising: 

code for forming a ?rst array representing graphical 
objects associated With said run of pixels, said ?rst array 
being sorted in an order from a top-most graphical object to 
a bottom-most graphical object; 

code for updating said ?rst array upon activation or 
deactivation of a graphical object by said scanline using a 
second array representing empty locations in said ?rst array; 
and 
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8 
code for traversing said ?rst array in said order to deter 

mine graphical objects contributing to said run of pixels. 
According to still another aspect of the present invention 

there is provided a program including computer imple 
mented program code for determining graphical objects 
contributing to a run of pixels for a scanline in a graphics 
rendering system, said program comprising: 

code for forming a ?rst array representing graphical 
objects associated With said run of pixels, said ?rst array 
being sorted in an order from a top-most graphical object to 
a bottom-most graphical object, Wherein When a graphical 
object is activated by said scanline a value representing said 
activated graphical object is added to said ?rst array at a 
location indicated by a second array representing empty 
locations in said ?rst array; and 

code for traversing said ?rst array in said order to deter 
mine graphical objects contributing to said run of pixels. 

Other aspects of the invention are also disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

One or more embodiments of the present invention Will 
noW be described With reference to the draWings, in Which: 

FIG. 1 is a How diagram shoWing a method of activating 
an object; 

FIG. 2 is a How diagram shoWing a method of deactivat 
ing an object; 

FIG. 3 is a How diagram shoWing a method of determin 
ing active objects contributing to a run of pixels on a 
scanline; 

FIG. 4 shoWs a scanline crossing ?ve objects. 
FIG. 5 shoWs a page to be rendered, consisting of tWo 

objects on a White space background; 
FIG. 6 shoWs a scanline crossing three objects; 
FIG. 7 shoWs a scanline scanning an object having 

multiple edges; 
FIG. 8 shoWs an active priority list Where entries in the list 

representing objects and associated priority values num 
bered one to tWenty, have been set to either TRUE or 

FALSE; 
FIG. 9 shoWs an active priority list Where each of the 

object entries have an associated bit representing TRUE or 
FALSE for the corresponding object; 

FIG. 10 is a schematic block diagram of a general-purpose 
computer upon Which arrangements described can be prac 
ticed; 

FIG. 11 shoWs tWo memory integer arrays utilised in the 
method of determining active objects contributing to a run of 
pixels on a scanline; 

FIG. 12 is a table shoWing a series of object activations 
and deactivations and the contents of the active priority list 
and the free list corresponding to the object activations and 
deactivations; 

FIG. 13 shoWs a scanline crossing four objects; 
FIG. 14 is a How diagram shoWing a method of rendering 

at least one graphical object described by at least tWo edges 
into a raster pixel image having a plurality of scan lines; and 
Appendix 1 is pseudo code listing shoWing the variables 

initialised for a method of determining active priority 
objects contributing to a run of pixels on a scanline. 

DETAILED DESCRIPTION INCLUDING BEST 
MODE 

Where reference is made in any one or more of the 
accompanying draWings to steps and/or features, Which have 
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the same reference numerals, those steps and/or features 
have for the purposes of this description the same function 
(s) or operation(s), unless the contrary intention appears. 

FIG. 3 is a ?oW diagram shoWing a method 300 of 
determining active objects contributing to a run of pixels 
corresponding to a scanline. The method 300 is preferably 
practiced using a general-purpose computer system 1000, 
such as that shoWn in FIG. 10 Wherein the described method 
300 can be implemented as softWare, such as an application 
program executing Within the computer system 1000. In 
particular, the steps of the described method 300 are effected 
by instructions in the softWare that are carried out by a 
processor 1005 of the computer system 1000. The instruc 
tions may be formed as one or more code modules, each for 
performing one or more particular tasks. The softWare may 
also be divided into tWo separate parts, in Which a ?rst part 
performs the described method and a second part manages 
a user interface betWeen the ?rst part and the user. The 
softWare may be stored in a computer readable medium, 
including the storage devices described beloW, for example. 
The softWare is loaded into the computer from the computer 
readable medium, and then executed by the computer. A 
computer readable medium having such softWare or com 
puter program recorded on it is a computer program product. 
The use of the computer program product in the computer 
preferably effects an advantageous apparatus for implement 
ing the method 300 described herein. 

The computer system 1000 comprises a computer module 
1001, input devices such as a keyboard 1002 and mouse 
1003, output devices including a printer 1015 and a display 
device 1014. A Modulator-Demodulator (Modem) trans 
ceiver device 1016 is used by the computer module 1001 for 
communicating to and from a communications netWork 
1020, for example connectable via a telephone line 1021 or 
other functional medium. The modem 1016 can be used to 
obtain access to the Internet, and other netWork systems, 
such as a Local Area Network (LAN) or a Wide Area 
NetWork 

The computer module 1001 typically includes at least one 
processor unit 1005 as mentioned above, a memory unit 
1006, for example formed from semiconductor random 
access memory (RAM) and read only memory (ROM), 
input/output (I/O) interfaces including a video interface 
1007, and an I/O interface 1013 for the keyboard 1002 and 
mouse 1003 and optionally a joystick (not illustrated), and 
an interface 1008 for the modem 1016. A storage device 
1009 is provided and typically includes a hard disk drive 
1010 and a ?oppy disk drive 1011. A magnetic tape drive 
(not illustrated) may also be used. ACD-ROM drive 1012 is 
typically provided as a non-volatile source of data. The 
components 1005 to 1013 of the computer module 1001, 
typically communicate via an interconnected bus 1004 and 
in a manner Which results in a conventional mode of 
operation of the computer system 1000 knoWn to those in the 
relevant art. Examples of computers on Which the described 
arrangements can be practised include IBM-PC’s and 
compatibles, Sun Sparcstations or alike computer systems 
evolved therefrom. 

Typically, the application program is resident on the hard 
disk drive 1010 and read and controlled in its execution by 
the processor 1005. Intermediate storage of the program and 
any data fetched from the netWork 1020 may be accom 
plished using the semiconductor memory 1006, possibly in 
concert With the hard disk drive 1010. In some instances, the 
application program may be supplied to the user encoded on 
a CD-ROM or ?oppy disk and read via the corresponding 
drive 1012 or 1011, or alternatively may be read by the user 
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from the netWork 1020 via the modem device 1016. Still 
further, the softWare can also be loaded into the computer 
system 1000 from other computer readable media. The term 
“computer readable medium” as used herein refers to any 
storage or transmission medium that participates in provid 
ing instructions and/or data to the computer system 1000 for 
execution and/or processing. Examples of storage media 
include ?oppy disks, magnetic tape, CD-ROM, a hard disk 
drive, a ROM or integrated circuit, a magneto-optical disk, 
or a computer readable card such as a PCMCIA card and the 
like, Whether or not such devices are internal or external of 
the computer module 1001. Examples of transmission media 
include radio or infra-red transmission channels as Well as a 
netWork connection to another computer or netWorked 
device, and the Internet or Intranets including email trans 
missions and information recorded on Websites and the like. 
The method 300 of determining active objects contribut 

ing to a run of pixels corresponding to a scanline is prefer 
ably implemented as part of a graphics device interface layer 
executing on the computer system 1000. The method 300 
utilises tWo memory 1006 integer arrays 1101 and 1102 of 
siZe N, as seen in FIG. 11, Where N represents the number 
of objects in a job to be rendered. The ?rst array 1101 is an 
active priority list and is preferably stored in memory 1006. 
The ?rst array 1101 Will be hereinafter referenced as the 
‘active priority list (i.e. L[ The second array 1102 is an 
array of pointers (i.e. indexes) that indicate vacant memory 
1006 locations in the active priority list 1101, When an object 
is deactivated. The second array 1102 Will be hereinafter 
referred to as a ‘free list ])’ and is also preferably stored 
in memory 1006. As seen in FIG. 11, the active priority list 
1101 and free list 1102 can be stored at consecutive memory 
1006 addresses (e.g. Memory address 0 to memory address 
2N) or alternatively, the active priority list 1101 and free list 
1102 can be stored in any suitable free memory 1006 
locations. 

FIG. 1 is a ?oW diagram shoWing a method 100 of 
activating an object. The method 100 is preferably imple 
mented as a softWare program stored in memory 1006 or the 
storage device 1009 and is executed by the processor 1005 
of the computer system 1000. The method 100 begins at step 
101, Where several variables are initialised by the processor 
1005 according to the code sequence as shoWn in Appendix 
1. The number of active objects (i.e. nActive), is set to Zero 
and the number of touched entries, T, in the active priority 
list 1101 (i.e. L[ ]), is set to Zero. Further, the maximum 
activated priority (i.e. maxActive) is set to a number smaller 
than the minimum alloWed priority value (e.g. —1 if the 
minimum alloWed priority value is Zero) and the number of 
entries in the free-list 1102 (i.e. nFree), is set to Zero. At the 
next step 102, an object having priority number p is acti 
vated by a scanline crossing an edge of the object. At the 
next step 103, the processor 1005 determines if the freelist 
1102 is empty (i.e. nFree=0) and if the free list 1102, is not 
empty (e.g. due to a previous object deactivation), then the 
method 100 proceeds to step 105. OtherWise, the method 
100 proceeds to step 107. At step 105, nFree is decremented 
by one and the entry 1103 corresponding to the memory 
location Within F of the decremented value of nfree (i.e. 
F[nFree]) is read by the processor 1005 (i.e. SET i=F[nFree], 
Where i represents a vacant entry in array L into Which the 
priority number p can be added), and the priority value 
associated With the object is added to the active priority list 
1101 (i.e. SET L[i]=p) at the location speci?ed by i. 
OtherWise, at step 107, the processor 1005 adds the priority 
number p to the next available location T (i.e. SET i=T, SET 
L[i]=p) in the active priority list 1101 stored in memory 
1006, and the variable T is incremented by one. 
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The method 100 continues at the next step 109, Where the 
location of the object in the active priority list 1101 is stored 
in memory 1006 and is associated With the object itself (i.e. 
SET priority[p]=i). Thus, When the object is deactivated the 
location of the object in the active priority list 1101 is knoWn 
to the processor 1005. At the next step 111, if p is higher than 
the maximum activated priority value (i.e. maxActive), then 
maxActive is set to the value of p. The method 100 con 
cludes at step 113, Where the number of active objects (i.e. 
nActive) is incremented by one. 

FIG. 2 is a How diagram shoWing a method 200 of 
deactivating an object. The method 200 is preferably imple 
mented as a softWare program stored in memory 1006 or the 
storage device 1009 and is executed by the processor 1005 
of the computer system 1000. The method 200 begins at the 
?rst step 201, Where an object is deactivated, and the 
memory 1006 address of the active priority list 1101 corre 
sponding to the deactivated object, is overWritten With a 
value less than the minimum alloWed priority value, for 
example negative one (i.e. SET i=priority [p], SET L[i]=—1). 
At the next step 203, the overWritten memory 1006 address 
of the active priority list 1101 is added to the end of the free 
list 1102, as an index to the overWritten memory 1006 
address (i.e. SET F[nFree]=i) and nFree is incremented by 1. 
The method 200 concludes at the next step 205, Where the 
number of active objects (i.e. nActive) is decremented by 
one. 

Thus as described above, the methods 100 and 200 of 
activating and deactivating objects do not require in-place 
active priority list sorting to be performed during object 
activation and deactivation. A further advantage of the 
methods 100 and 200 are that these methods 100 and 200 
only require memory 1006 space for 2><N integers. Still 
further, by saving vacant memory 1006 locations for the 
active priority list 1101 in the free list 1102 during 
deactivation, and by alWays checking the free list 1102 
before adding values to the end of the active priority list 
1101 during activation, only N memory 1006 locations are 
ever required for the active objects. The free list 1102 also 
ensures maximum reuse of memory 1006 locations in the 
active priority list 1101. 

Once all of the object edges associated With a scanline 
have been processed for a pixel run, the ?rst T entries in the 
active priority list 1101 represent the objects that Were 
crossed during the scanning process for that scanline. The 
active priority list 1101 may contain entries for deactivated 
objects, since T Will be greater than or equal to the number 
of active objects (i.e. nActive), depending on the order in 
Which the objects Were activated and deactivated for a 
particular scanline. 

The method 300 of determining active objects contribut 
ing to a run of pixels for a scanline Will noW be described 
With reference to a table 1200 of FIG. 12. The method 300 
Will also be described With reference to a page 1300 of four 
objects (i.e. object 2, object 5 object 7 and object 8), as seen 
in FIG. 13, scanned by the scanline 1301 Which is ?fty pixels 
long. The object labels also represent the priorities of the 
respective objects. The table 1200 shoWs a series of activa 
tions and deactivations for object 2, object 5, object 7 and 
object 8, and the contents of both an active priority list 1205 
and a free list 1207 corresponding to the object activations 
and deactivations. The object activations and deactivations 
are performed in accordance With the methods 100 and 200 
described above. In the table 1200 of FIG. 12, the letter ‘A’ 
represents an activation and the letter ‘D’ represents a 
deactivation. For example, the ‘A2’ in the action column 
1201 represents that object 2 has been activated. As seen in 
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12 
FIG. 12, When object 8 is deactivated, as at point 1302, and 
as indicated in roW 1202 of the table 1200, the contents of 
the active priority list are: [—1, —1, 7], and T=3 Where T 
represents the number of entries in the active priority list 
1205 that Were touched during the scan. The number of 
active objects (i.e. nActive) after the deactivation of object 
8 is one, being object 7 Which Was activated by the scanline 
1301 at point 1303, as indicated in roW 1203 of table 1200. 
The method 300 of determining active objects contribut 

ing to a run of pixels for a scanline, begins at step 301. If the 
processor 1005 determines that the number of active objects 
(i.e. nActive) is Zero, then no objects contribute pixels to the 
sun, White space pixels are output and the method 300 
concludes. OtherWise, the method 300 proceeds to step 303, 
Where if the number of active objects (i.e. nActive) is equal 
to one, then the method 300 proceeds to step 305. OtherWise 
the method 300 proceeds to step 307. At step 305, the 
processor 1005 searches the active priority list (eg 1205) 
stored in memory 1006 to determine a ?rst priority value not 
equal to negative one, indicating that the corresponding 
object contributes pixels to the pixel run. In the example of 
FIG. 13, object 7 is returned by the processor 1005 as the 
only object contributing pixels (i.e. opaque or not) to the 
pixel run from point 1302 to the end of the scanline 1301 
(i.e. pixel 50). Thus, the maximum activated priority (i.e. 
maxActive) is set to this value (i.e. 7) and the method 300 
concludes. 
At step 307, an active object p having the highest priority 

value is determined and if the corresponding object is 
opaque, then the object p is the only object contributing 
pixels to the pixel run and the method 300 proceeds to step 
309. Otherwise, if the highest priority object is not opaque 
then the method 300 proceeds to step 311. At step 309, the 
highest activated priority object p is returned by the proces 
sor 1005 and the method 300 concludes. In the example of 
FIG. 13, the maximum activated priority object Was object 
8. HoWever, since object 8 Was deactivated at the point 1302, 
object 8 does not contribute any pixels to the pixel run from 
point 1302 to the end (i.e. pixel 50) of the scanline 1301. 

The method 300 continues at the next step 311, Where the 
?rst T entries of the active priority list (eg 1205) are sorted 
in descending priority value order. A non-recursive quick 
sort algorithm is preferably used for performing step 311. 
HoWever, any other suitable sorting algorithm such as an 
insertion sort, can be used for performing step 311. At the 
next step 313, since positions of the objects in the active 
priority list 1205, have noW changed due to the sorting, each 
active object in the active priority list is then re-set With a 
neW location in the active priority list L. maxActive is set to 
a ?rst entry in the active priority list denoted by L[0], T is 
set to nActive and nFree is reset to Zero. After step 311 has 
been performed, the active priority list 1205 is partitioned 
such that the ?rst N entries are active objects, and the 
remaining T-N entries are inactive objects having a value of 
negative one. The list of objects to composite from last 
object to ?rst object is priority[L[0]], priority[L[1]], . . . , 

priority[L[i]], Where 0<=i<nActive, and priority[L[i]] is the 
?rst opaque object. The method 300 concludes at step 315, 
Where the ?rst opaque object in the active priority list 1205 
is determined and returned as the set of objects up to the ?rst 
opaque object. If no object Was opaque, then the entire set 
of objects in the active priority list 1205 is returned. 
As a further example, FIG. 4 shoWs a scanline 401 

crossing ?ve objects, object 0, object 10, object 20, object 30 
and object 40, Where object 0 is opaque, object 10 is 
transparent, object 20 is transparent, object 30 is transparent 
and object 40 is opaque. Ib this instance, the object priorities 
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are equal to their respective labels divided by ten (i.e., 10). 
FIG. 4 also shoWs an activation/deactivation line 402 indi 
cating Which of the objects 0, 10, 20, 30 and 40 are activated 
for each edge crossing. Again, the letter ‘A’ represents an 
object activation and the letter ‘D’ represents an object 
deactivation. For example, at the point 403 of the scanline 
401, objects 20 and 30 are activated, and object 40 is 
deactivated, as indicated by the labels D40, A20 and A30 on 
the activation/deactivation line 402. Table 1, beloW, shoWs 
the result of each of the object activations and object 
deactivations occurring for the scanline 401 of FIG. 4. Table 
1 also indicates the contents of the active priority and free 
lists, the number of active objects (nActive) and the priority 
of the maximum activated priority object (i,e. maXActive). 
The variable P refers to the array priority [ ] described above. 
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returns object 20 (i.e. P[20]) and object 10 (i.e. P[10]) for 
compositing since object 10 is opaque. 
The objects returned by the processor 1005 (as at steps 

305, 309 and 315 of the method 300) can be joined as a 
linked list of active objects in compositing order, such that 
L[i] represents the ?rst object, L[i-1] represents the neXt 
object and L[0] is the last object. L[i] is the loWest priority 
object and L[0] is the highest priority object. 
The sorting of the active priority list L only occurs When 

either there are tWo or more active objects for an edge 
crossing and the top-most activated object having value 
maxActive Was either no longer active or active but not 

opaque. 
One advantage of the method 300 is that the sorting of the 

active priority list is on an array of integers, Which alloWs an 

TABLE 1 

Active 
Priority Free 

Action List T List nActive MaXActive Result 

A40 4 1 1 4 nActive is 1. 
P[4] = 0 Set maXActive = 4 

Return P[4] 
A20 4, 2 2 2 4 

P[Z] = 

A30 4, 2, 3 3 3 4 
P[3] = 2 

D40 -1, 2, 3 3 0 2 4 nActive is 2. 
P[maXActive] is not 
acitve 
Sort L = 3, 2, —1. 

Set P[3] = 0, P[2] = 1. 
Set maXActive = L[0] = 3 

Set T = 2 

Set nFree = O 

P[3] is transparent, P[Z] 
is transparent. 
Return P[Z], P[3] 

A0 3, 2, 0 3 3 3 
P[O] = 2 

A10 3, 2, 0, 1 4 4 3 
P[1] = 3 

D30 -1, 2, 0, 1 4 0 3 3 nActive is 3. 
P[maXActive] is not 
active 
Sort L = 2, 1, 0, -1. 
Set P[2] = 0, P[1] = 1, 
P[O] =2. 
Set maXActive = L[0] 
Set T = 3 

Set nFree = O 

P[Z] is transparent. P[l] 
is opaque. Stop. 
Return P[Z], P[1]. 

DO 2, 1, -1 3 2 2 2 
D10 2, -1, -1 3 2, 1 1 2 nActive is 1 

Set maXActive = 2 

Return P[Z] 
D20 -1, -1, 3 2,1,0 0 2 nActive is 0. 

—1, Return 0 

The result column of Table 1 shoWs the object that is 
returned by the processor 1005 (as at steps 305, 309 and 315 
of the method 300) for each of the edge crossings. For 
eXample, after processing the deactivation of object 40 (i.e. 
D40) at edge crossing 403, the only tWo active priority 
objects, object 20 (i.e. P[2]) and object 30 (i.e. P[3]) are 
transparent, so the processor 1005 returns objects 20 and 30 
as objects to be composited. Similarly, after processing the 
deactivation of object 30 (i.e. D30) at edge crossing 405, 
there are three active objects, object 20 (i.e. P[2]), object 10 
(i.e. P[1]) and object 0 (i.e. P[0]), and the processor 1005 
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optimal sorting implementation. Further, by using a free-list 
(eg 1207), the value of T is kept as small as possible and 
hence a smaller set of integers can be sorted. Further, no 
dynamic memory allocation is required for the method 300 
and sorting can immediately partition the active from the 
inactive objects to determine a neW top-most-activated 
object. 
The method 300 can alternatively be implemented in 

dedicated hardWare such as one or more integrated circuits 
performing the functions or sub functions of the method 100, 
200 and 300. Such dedicated hardWare may include graphic 






